Introduction {#S0001}
============

At present, lung cancer is the most commonly diagnosed cancer (11.6% of the total cases) and is the leading cause of cancer death (18.4% of the total cancer deaths) worldwide.[@CIT0001] In China, the situation is grim, too, with lung cancer being the most common and deadly malignancy.[@CIT0002] The main reason for the high mortality of lung cancer is its high invasion and metastasis, which is mediated by a multi-step process named as the metastatic cascade.[@CIT0003] In recent years, many factors and genes have been reported to contribute to this metastatic cascade of lung cancer.[@CIT0004]--[@CIT0006] However, the invasion and metastasis of lung cancer is a multi-factor and multi-step process, which is controlled by a variety of internal and external factors and thus needs to be further explored.

LncRNAs are usually characterized by the size exceeding 200 nucleotides and apparent lack of detectable open reading frame. It is estimated that more than 90% of the mammalian genome is transcribed as non-coding RNAs.[@CIT0007] LncRNAs were previously considered as transcriptional noise. But recently, IncRNAs have been proved to be important regulators participating in the development of diseases, in particular cancer.[@CIT0008],[@CIT0009] These lncRNAs could regulate the biological behaviors of tumor cells in terms of genomic stability,[@CIT0010],[@CIT0011] transcription,[@CIT0012],[@CIT0013] metabolism[@CIT0014] and so on. Nevertheless, studies of lncRNAs in cancer are still at an early stage and need to be examined in more detail.

In this work, we screened the metastasis-associated lncRNAs in lung cancer cell lines and recognized the target lncRNA, transmembrane 4 superfamily 1-antisense1 (TM4SF1-AS1). We investigated the effect of TM4SF1-AS1 on the migration and invasion of lung cancer cells, and explored its possible molecular mechanism.

Materials and Methods {#S0002}
=====================

Patients and Clinical Samples {#S0002-S2001}
-----------------------------

Forty-three human lung cancer tissues and adjacent non-tumor lung tissues were obtained from diagnosed lung cancer patients at the First Affiliated Hospital of Dalian Medical University (Dalian, China) in 2018. The samples were frozen in liquid nitrogen immediately after moving out of human body. Informed consent for tissue analysis was obtained before operation. The study was approved by the research ethics boards at the First Affiliated Hospital of Dalian Medical University.

Cell Culture {#S0002-S2002}
------------

Human lung cancer cell lines (A549, NCI-H1299, NCI-H1975, NCI-H1650, H460-SM, 95D and 95C) and HEK293T were gotten from the American Type Culture Collection (ATCC). These cell lines were grown in RPMI-1640 medium (Gibco), while 95C, 95D and HEK293T cells were maintained in Dulbecco's modified Eagle medium (DMEM; Gibco), supplemented with 10% FBS (Gibco) and double resistances of penicillin (100 units/mL)-streptomycin (100 μg/mL) (Gibco) at 37°C with 5% CO2. Cells were harvested during the logarithmic growth phase for subsequent experiments.

Array Hybridization and Microarray Analysis {#S0002-S2003}
-------------------------------------------

Total RNA was extracted using TRIzol Reagent (Life technologies) following the manufacturer's instructions. Total RNA was amplified, labeled and purified by Affymetrix WT PLUS Reagent Kit (Affymetrix) to obtain biotin-labeled cDNA according to the manufacturer's instructions. Six arrays named Affymetrix Human Transcriptome Array 2.0 were used. More than six million probes were placed on the array, covering 44,699 coding genes and 22,829 non-coding genes. Array hybridization was performed and scanned by Affymetrix GeneChip Scanner3000. Raw data were then normalized by Expression Console. Fold change and *T* test statistical methods were used to screen the differential genes. The selection criteria were as follows: (1) Fold change ≤0.5 or ≥2; (2) p-value\<0.05.

Quantitative Real-Time PCR (qPCR) {#S0002-S2004}
---------------------------------

Total RNA was extracted by TRIzol Reagent (Life Technologies) and then qualified. Afterwards, first-strand complementary DNA (cDNA) was synthesized with a reverse transcriptase. The qPCR was accomplished with SYBR Green mix and the relative expression levels of genes were analyzed by the 2−ΔΔCt method. β-actin was served as an endogenous control. Specific primers are listed in [[Supplementary Table 1](https://www.dovepress.com/get_supplementary_file.php?f=254072.docx)]{.ul}.

Stable Cell Line Construction {#S0002-S2005}
-----------------------------

To establish stable cell lines with TM4SF1-AS1 overexpression or knockdown, vectors containing shRNA sequences against TM4SF1-AS1 were generated by cloning the shRNAs into pLKO.1, while TM4SF1-AS1 overexpression vectors were obtained by cloning the TM4SF1-AS1 into pLenti 6.3-IRES2-EGFP. HEK293T cells were then transfected with the indicated vectors using Lipofectamine 2000 (Invitrogen) according to the manufacturer's instructions. The viral supernatants were collected 48--72hrs after transfection. TM4SF1-AS1 shRNA lentiviruses were used to infect NCI-H1650 cells, while TM4SF1-AS1 overexpression lentiviruses infected NCI-H1299 cells. After 24hrs, cells were fed with 5 μg/mL puromycin-containing media to establish stable cell lines. The cell lines with stable overexpression or knockdown of TM4SF1-AS1were identified by using RT-qPCR. The shRNA sequences targeting TM4SF1-AS1 are shown in [[Supplementary Table 2](https://www.dovepress.com/get_supplementary_file.php?f=254072.docx)]{.ul}.

Wound Healing Experiment {#S0002-S2006}
------------------------

A total of 5×10^5^ cells were seeded in six-well plates using a medium containing 10% FBS until confluence. The cell layer was scratched with a 200 μL pipette tip. Then, the cells were cultured in a serum-free medium. After 12 hrs and 24 hrs, the cells were rinsed with PBS and the wound closure was monitored under the microscope, respectively. The coverage of the scratched area at different positions was examined and the wound widths were measured by Image J software (National Institutes of Health, USA). Experiments were independently repeated at least three times.

Transwell Assay {#S0002-S2007}
---------------

The cell invasion and migration were assessed by using Transwell chambers (Costar). 1×10^5^ cells in 500 μL serum-free medium were inoculated in the upper chamber coated with (invasion assay) or without (migration assay) Matrigel. Medium containing 10% FBS was added to the lower chamber. After incubation for 24 h, the cells remaining on the upper membrane were removed with cotton wool. The invaded or migrated cells were fixed by formaldehyde and stained using 0.5% crystal violet. The number of cells was counted at least 6 unbiased (200×) fields. Experiments were independently repeated three times.

Western Blotting Analysis {#S0002-S2008}
-------------------------

Cells were lysed using RIPA protein extraction reagent (Beyotime) supplemented with a protease inhibitor cocktail (Roche) and phenylmethylsulfonyl fluoride (Roche). Identical quantities of proteins were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to nitrocellulose membranes (Sigma-Aldrich), followed by incubation with the primary antibodies. Equal loading amount of protein was confirmed by using β-actin. The membranes were then washed with PBST three times and incubated with horseradish peroxidase (HRP)-conjugated secondary antibody. The Western blotting was visualized by using the ChemiDocTM XRS + (Bio-Rad).

RNA‐Sequence (RNA-Seq) and Analysis {#S0002-S2009}
-----------------------------------

The transcriptome sequencing profiles of TM4SF1-AS1 overexpression cells and control cells were carried out to detect the changes in the expression of downstream genes. Briefly, sequencing libraries were constructed by NEBNext Ultra RNA Library Prep Kit for Illumina (NEB) following the manufacturer's instructions. In order to select cDNA fragments of preferentially 250\~300 bp in length, the library fragments were purified with AMPure XP system (Beckman Coulter, Beverly, USA). The clustering of the index-coded samples was performed on a cBot Cluster Generation System using TruSeq PE Cluster Kit v3-cBot-HS (Illumia) according to the manufacturer's instructions. After cluster generation, the library preparation was sequenced on an Illumina Hiseq platform to produce 125 bp/150 bp paired-end reads. Reference genome and gene model annotation files were downloaded from genome website directly. Index of the reference genome was built using Hisat2 (v2.0.5) and paired-end clean reads were aligned to the reference genome using Hisat2 (v2.0.5). The mapped reads of each sample were assembled by StringTie (v1.3.3b) (Mihaela Pertea.et al 2015) in a reference-based approach. FeatureCounts v1.5.0-p3 was used to count the reads numbers mapped to each gene. And then FPKM of each gene was calculated based on the length of the gene and reads count mapped to this gene. Differential expression analysis of two groups was performed using the DESeq2 R package (1.16.1). The resulting P-values were adjusted using the Benjamini and Hochberg's approach for controlling the false discovery rate. Genes with an adjusted P-value \<0.05 found by DESeq2 were assigned as differentially expressed. Correlations of significantly differentially expressed genes with cellular process, pathway and disease were analyzed by Reactome, Kyoto Encyclopedia of Genes and Genomes (KEGG) and DisGeNET.

Statistical Analysis {#S0002-S2010}
--------------------

A statistical analysis was conducted using SPSS 21.0 or GraphPad Prism 7.0 software. Comparisons were determined using two-tailed Student's *t* test or Mann--Whitney U. The association between TM4SF1-AS1 expression and various clinicopathological factors was evaluated using the χ2 test. All quantitative results are presented as mean ± SD. P value \<0.05 was recognized to be statistically significant.

Results {#S0003}
=======

Identification of Metastasis-Associated lncRNAs in Lung Cancer Cells {#S0003-S2001}
--------------------------------------------------------------------

To find lncRNAs involved in lung cancer metastasis, we used microarray to detect the differentially expressed lncRNAs between high-metastatic human lung cancer cell line (95D) and paired low-metastatic human lung cancer cell line (95C). As shown in [Figure 1A](#F0001){ref-type="fig"}, 582 lncRNAs were significantly up-regulated, while 164 lncRNAs were remarkably down-regulated in 95D cell line, compared with 95C cell line. The top 10 up-regulated and down-regulated lncRNAs are listed in [[Supplementary Tables 3](https://www.dovepress.com/get_supplementary_file.php?f=254072.docx)]{.ul} and [[4](https://www.dovepress.com/get_supplementary_file.php?f=254072.docx)]{.ul}, respectively.Figure 1Identification of metastasis-associated lncRNAs in lung cancer cell lines. (**A**) Heatmap of differentially expressed lncRNAs in 95C and 95D. Red color represents the high expression, and green color represents the low expression. 582 lncRNAs were significantly up-regulated, while 164 lncRNAs were remarkably down-regulated in 95D cell line, compared with 95C cell line. (**B**) Verification of differentially expressed lncRNAs by qPCR. (**C**) Genomic location of TM4SF1-AS1. (**D**) Confirmation of non-coding nature of TM4SF1-AS1 by using LNCipedia ([<https://lncipedia.org/>]{.ul}).

According to fold change, abundance and sequence characteristics, four lncRNAs, TM4SF1-AS1, ENST00000443631, ENST00000450980 and n379390, were selected for subsequent verification. The expression of these four lncRNAs in 95C and 95D cell lines was examined by qPCR, and the results showed that among the four lncRNAs, TM4SF1-AS1 was significantly up-regulated in 95D cell line ([Figure 1B](#F0001){ref-type="fig"}), which was consistent with the microarray results. TM4SF1-AS1 was then selected as the target gene in the following studies. TM4SF1-AS1 is an antisense-lncRNA and is located on human chromosome 3 from 149378219 to 149386581 nucleotides ([Figure 1C](#F0001){ref-type="fig"}). The protein-coding potential of TM4SF1-AS1 is determined to be non-coding ([Figure 1D](#F0001){ref-type="fig"}).

TM4SF1-AS1 is Up-Regulated in Lymph Node Metastatic Lung Cancer and is Associated with Lymph Node Metastasis {#S0003-S2002}
------------------------------------------------------------------------------------------------------------

In order to examine the clinical significance of TM4SF1-AS1 in human lung cancer, we evaluated the expression of TM4SF1-AS1 in 43 paired human lung cancer specimens and adjacent non-tumor tissues using qPCR, and observed that the expression of TM4SF1-AS1 seldom showed a significant difference between the two groups ([Figure 2A](#F0002){ref-type="fig"}). However, TM4SF1-AS1 expression was dramatically up-regulated in lymphatic node-positive lung cancer compared with lymphatic node-negative tumor, as well as in TNM stage II and III cancers compared with TNM stage I tumor ([Figure 2B](#F0002){ref-type="fig"} and [C](#F0002){ref-type="fig"}). We then analyzed the relationship between TM4SF1-AS1 expression and clinicopathological features of lung cancer patients, and found that TM4SF1-AS1 expression was essentially correlated with differentiation, TNM stage and lymphatic node metastasis, independent of sex, age, histology or tumor size ([Table 1](#T0001){ref-type="table"}).Table 1Correlation Between TM4SF1-AS1 Expression and Clinicopathologic Characteristics in Lung Cancer TissuesClinicopathologic FactorNumber of CasesTM4SF1-AS1χ2P valueHighLowAge (years)1.1490.2838 ≤65281216 \>651596Sex0.02440.8759 Male221111 Female211011Histology3.3760.0661 Squamous1183 Adenocarcinoma321319Differentiation4.0440.0443\* Well271017 Moderate + poor16115Tumor size (cm)0.19610.6578 ≤3241113 \>319109Lymphatic node metastasis15.24\<0.0001\* Negative27720 Positive16142TNM stage15.260.0005\* I27720 II761 III981[^2] Figure 2TM4SF1-AS1 expression in lung cancer tissues. (**A**) Expression of TM4SF1-AS1 in lung cancer tissues and adjacent non-tumor tissues was determined by qPCR. (**B**) TM4SF1-AS1 was up-regulated in patients with TNM stage II and III. (**C**) TM4SF1-AS1was up-regulated in patients with lymph node (LN)\` metastasis. Statistical analysis was performed using Mann--Whitney U. \*\*P \< 0.01, \*\*\*P \< 0.001.

TM4SF1-AS1 Promotes the Migration and Invasion of Lung Cancer Cells {#S0003-S2003}
-------------------------------------------------------------------

For the sake of investigating the biological function of TM4SF1-AS1 in lung cancer metastasis, we first assessed the TM4SF1-AS1 expression in six lung cancer cell lines ([Figure 3A](#F0003){ref-type="fig"}). Our results revealed that NCI-H1299 cells exhibited low levels of TM4SF1-AS1. Therefore, NCI-H1299 cells were selected to stably express the TM4SF1-AS1. The successful overexpression of TM4SF1-AS1 in NCI-H1299 cell line was confirmed by qPCR ([Figure 3B](#F0003){ref-type="fig"}). Then, the results of wound healing and Transwell assays showed that the migration and invasion abilities of NCI-H1299 cells were obviously enhanced by TM4SF1-AS1 overexpression ([Figure 3C](#F0003){ref-type="fig"} and [D](#F0003){ref-type="fig"}). Next, we knocked down the TM4SF1-AS1 expression using short hairpin RNAs (shRNAs) in NCI-H1650 cells, which expressed relatively high levels of TM4SF1-AS1 ([Figure 3E](#F0003){ref-type="fig"}). As expected, two shRNAs against TM4SF1-AS1 (shTM4SF1-AS1-1 and shTM4SF1-AS1-2) reduced the migration and invasion abilities of NCI-H1650 cells compared to the negative control (shControl) ([Figure 3F](#F0003){ref-type="fig"} and [G](#F0003){ref-type="fig"}). Finally, Western blotting assays showed that TM4SF1-AS1 overexpression decreased the expression of E-Cadherin and increased the expression of Vimentin, Snail and Twist, while knockdown of TM4SF1-AS1 exhibited the opposite effects on the expression of these epithelial mesenchymal transition (EMT) markers ([Figure 3H](#F0003){ref-type="fig"}). Taken together, these results indicate that TM4SF1-AS1 enhances the migration and invasion of lung cancer cells.Figure 3TM4SF1-AS1 enhances the migration and invasion of lung cancer cells. (**A**) RT-qPCR analysis of TM4SF1-AS1 expression in lung cancer cell lines (A549, NCI-H1299, NCI-H1975, NCI-H1650, H460-SM and 95D). (**B**) RT-qPCR analysis of TM4SF1-AS1 expression in NCI-H1299 cells stably overexpressing TM4SF1-AS1 or control vector. (**C**) Wound healing assay of NCI-H1299 cells overexpressing TM4SF1-AS1. Representative images (left) and quantification analysis (right) are shown (n = 3). (**D**) The invasion and migration of NCI-H1299 cells overexpressing TM4SF1-AS1 were evaluated by Transwell assay. Representative images (left) and quantification analysis (right) are shown (n = 3). (**E**) RT-qPCR analysis of TM4SF1-AS1 expression in NCI-H1650 cells knocking down TM4SF1-AS1. (**F**) Wound healing assay of NCI-H1650 cells with TM4SF1-AS1 knockdown. Representative images (left) and quantification analysis (right) are shown (n = 3). (**G**) The invasion and migration of NCI-H1650 cells with TM4SF1-AS1 knockdown were evaluated by Transwell assay. Representative images (left) and quantification analysis (right) are shown (n = 3). (**H**) Western blotting showing the expression of EMT markers in cell lines with TM4SF1-AS1 overexpression or knockdown. Statistical significance was assessed using two-tailed Student's *t* test. Data are shown as mean ± SD. \*P \< 0.05, \*\*P \< 0.01, \*\*\*P \< 0.001.

TM4SF1-AS1 Alters Genome-Wide Gene Expression in Lung Cancer Cells {#S0003-S2004}
------------------------------------------------------------------

To explore the underlying mechanism of the enhanced migration and invasion of lung cancer cells by TM4SF1-AS1, we then carried out RNA-seq analysis to profile genome-wide gene expression in TM4SF1-AS1 overexpression and control cell lines. Four thousand two hundred and forty-four genes were differentially expressed in the two cell lines, with 2335 up-regulated genes and 1909 down-regulated genes upon TM4SF1-AS1 overexpression ([Figure 4A](#F0004){ref-type="fig"}). The Reactome analysis indicated that the differentially expressed genes were related to some biological behaviors, such as extracellular matrix organization, neutrophil degranulation, asparagine N-linked glycosylation, post-translational protein phosphorylation, cell junction organization and interferon signaling ([Figure 4B](#F0004){ref-type="fig"}). Furthermore, the KEGG analysis revealed that the most significantly altered pathways of differentially expressed genes included pathways in cancer, PI3K/AKT signaling pathway, MAPK signaling pathway, proteoglycans in cancer and focal adhesion ([Figure 4C](#F0004){ref-type="fig"}). Additionally, the analysis of the DisGeNET demonstrated that the differentially expressed genes were associated with several illnesses, such as tumor angiogenesis, secondary malignant neoplasm of liver, lung diseases, invasive carcinoma of breast and inflammation ([Figure 4D](#F0004){ref-type="fig"}).Figure 4TM4SF1-AS1 activates PI3K/AKT signaling pathway. (**A**) Heatmap of differentially expressed genes in TM4SF1-AS1 overexpression and control cells. Red color represents the high expression, and blue color represents the low expression. 4244 genes were differentially expressed in the two cell lines, with 2335 up-regulated genes and 1909 down-regulated genes upon TM4SF1-AS1 overexpression. (**B**) Reactome analysis of the biological behaviors related to differentially expressed genes. (**C**) KEEG analysis of the enriched pathways of differentially expressed genes. (**D**) DisGeNET analysis of the illnesses related to differentially expressed genes. (**E**) A heatmap showing hierarchical clustering of five genes involved in the PI3K/AKT signaling pathway and the gene of TM4SF1. Red color represents the high expression, and blue color represents the low expression. (**F**) Western blotting showing the expression of PI3K/AKT signaling pathway markers and TM4SF1 in TM4SF1-AS1 overexpression and control cells.

TM4SF1-AS1 Regulates PI3K/AKT Signaling Pathway {#S0003-S2005}
-----------------------------------------------

Previous findings showed that TM4SF1, the host gene of TM4SF1-AS1, was associated with PI3K/AKT signaling pathway.[@CIT0015] Because TM4SF1 and many important factors of the PI3K/AKT signaling pathway were included in differentially expressed genes ([Figure 4E](#F0004){ref-type="fig"}), we aimed to investigate the effect of TM4SF1-AS1 on PI3K/AKT signaling pathway. To do it, we applied Western blotting to evaluate the expression of PDK1, AKT, mTOR, PI3K, p-PI3K, p-mTOR and p-AKT in TM4SF1-AS1 overexpression cells and control cells, respectively. As shown in [Figure 4F](#F0004){ref-type="fig"}, the expression levels of PDK1, mTOR, p-mTOR, p-PI3K and p-AKT were higher in TM4SF1-AS1 overexpression cells than those in control cells. Moreover, Western blotting showed that the expression of TM4SF1 was also increased in TM4SF1-AS1 overexpression cells ([Figure 4F](#F0004){ref-type="fig"}). In a word, our results suggest that TM4SF1-AS1 activates the PI3K/AKT signaling pathway in lung cancer cells.

Discussion {#S0004}
==========

Lung cancer is one of the deadliest malignant tumors both in the world and in China.[@CIT0001],[@CIT0002] A better understanding of the underlying mechanisms and a search for potential biomarkers are urgently required to improve the survival rate of lung cancer patients. Recently, increasing evidences have indicated that the aberrant expression of lncRNA is involved in tumorigenesis and progression of lung cancer.[@CIT0016]--[@CIT0018] In the present study, we screened the differentially expressed lncRNAs in high-(95D) and low-metastatic (95C) human lung cancer cell lines by microarray analysis and qPCR assay, and found that many lncRNAs were differentially expressed between the two cell lines and TM4SF1-AS1 was verified to be highly expressed in 95D cell line.

The aberrant expression of lncRNAs has been shown to be a key malignant phenotype in several human cancers, such as hepatocellular carcinoma,[@CIT0019] lung cancer[@CIT0020] and breast carcinoma.[@CIT0021] To confirm the high level of TM4SF1-AS1 in lung cancer, we examined the expression of TM4SF1-AS1 in lung cancer tissues. However, there was no significant difference between lung cancer specimens and adjacent non-tumor tissues. Interestingly, we found that TM4SF1-AS1 was overexpressed in lung cancer tissues with lymphatic metastasis or TNM stage of II and III, compared to lung cancer tissues without lymphatic metastasis or TNM stage I, respectively. It is possible that TM4SF1-AS1 is not related to tumorigenesis but to metastasis in lung cancer. Of course, due to the small number of cases of stage III, there are some limitations. In the future, we will further expand the sample size to conduct statistics. Furthermore, we observed that knockdown of TM4SF1-AS1 decreased the migration and invasion of NCI-H1650 cells, while overexpression of TM4SF1-AS1 increased the migration and invasion of NCI-H1299 cells. In sum, these findings demonstrate that TM4SF1-AS1 may be related to lung cancer metastasis.

It has been shown that EMT is closely related to the invasion and metastasis of tumor.[@CIT0022],[@CIT0023] The loss of E-cadherin is considered as a vital event in the EMT process, which is regulated by several transcription factors, including Snail, Slug and the Zeb family.[@CIT0024] Recently, many lncRNAs are also shown to play a crucial role in regulating the EMT process in cancer cells. Gao et al found that lncRNA NBR2 suppressed the progression of EMT in NSCLC by regulating the Notch1 pathway.[@CIT0025] lncRNA-CTS was reported to promote the TGF-β1-induced-EMT process and activate the SMAD/TGF pathway via miR-505 in cervical carcinoma cells.[@CIT0026] In this article, we found that TM4SF1-AS1 overexpression decreased the expression of E-cadherin and increased the expression of Vimentin, Snail and Twist simultaneously. Accordingly, it is speculated that TM4SF1-AS1 might prompt the invasion and metastasis of lung cancer cells by regulating the EMT.

The EMT process is influenced by many signaling pathways, such as TGF-β signaling pathways,[@CIT0027] Wnt Signaling pathways[@CIT0028] and PI3K/AKT signaling pathways.[@CIT0029] PI3K/AKT signaling pathway is involved in cell proliferation, differentiation, apoptosis and other cellular processes.[@CIT0030]--[@CIT0032] Meanwhile, the PI3K/AKT signaling pathway takes part in tumor metastasis.[@CIT0033] Intriguingly, it has been reported that PI3K/AKT signaling pathway can be regulated by lncRNAs.[@CIT0034],[@CIT0035] TM4SF1-AS1 is located on chromosome 3q25.1 region and is the antisense RNA of TM4SF1. TM4SF1 is a small plasma membrane glycoprotein that belongs to the transmembrane 4 superfamily. TM4SF1 was identified as an oncogene and was shown to correlate with tumor cell metastasis.[@CIT0036],[@CIT0037] Meanwhile, TM4SF1 silencing significantly decreased the expressions of p-AKT, p-mTOR and p-P70.[@CIT0015]

In order to further explore the mechanism of tumor metastasis regulated by TM4SF1-AS1, RNA-seq was performed in NCI-H1299 cells upon TM4SF1-AS1 overexpression. As expected, the results showed that TM4SF1-AS1 was involved in many biological processes and was connected with lots of diseases. In addition, TM4SF1-AS1 participated in many signaling pathways, for example PI3K/AKT signaling pathway and MAPK signaling pathway. Furthermore, the expression of TM4SF1 was higher in TM4SF1-AS1 overexpression cells than that in control cells. Collectively, these studies suggest that lncRNA TM4SF1-AS1 may promote the metastasis of lung cancer cells through the PI3K/AKT signaling pathway.

Conclusion {#S0005}
==========

In summary, we identified TM4SF1-AS1 as a metastasis-associated lncRNA in lung cancer. TM4SF1-AS1 promotes the migration and invasion of lung cancer cells and activates the PI3K/AKT signaling pathway. Thus, TM4SF1-AS1 may serve as a potential biomarker for lung cancer metastasis, and targeting TM4SF1-AS1 may be a promising therapeutic strategy for lung cancer.
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